Introduction
Globally, rotavirus (RV) is the most common etiological agent for acute gastroenteritis (GE), 1 accounting for around 453,000 annual global deaths 2 and over two million hospitalizations among children younger than 5 years of age. 3 Data from the coordinated global network for rotavirus surveillance of the World Health Organization (WHO) at 185 sentinel sites in 64 countries showed RV detection rates of 37%-53% in children hospitalized with diarrhea in 2011 in regions of the world where vaccination has not been widely implemented 2 and RV is one of the most common causes of moderate to severe diarrhea during the first 2 years of life. 4 Most deaths due to RV occur in developing countries where there is underlying malnutrition and a lack of timely access to health care facilities. 
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Khalil et al Saudi Arabia is a developing country with a population of 28 million, where children younger than 5 years of age represent approximately 9% of the population. There are 614,000 live births annually. 6 Previous studies on RV gastroenteritis (RVGE) in the Arabic peninsula have shown that RV is the causative agent in 21%-40% of cases of infantile GE. [7] [8] [9] In Saudi Arabia, studies indicate RVGE to be responsible for 16%-46% of infections in infants and children. [10] [11] [12] [13] There is a higher disease burden in children younger than 2 years of age, with more than 87% of RVGE affecting children younger than 2 years of age; moreover, it is also seen to vary across seasons. 11, 14, 15 However, to date, no national studies have been conducted. Recent studies in the country have indicated that RVGE remains the most common cause of infectious diarrhea in young children, 16, 17 but the prevalence of RV may have decreased. 18, 19 Although effective control of RVGE relies upon knowledge of national disease burden data and the prevalent circulating strains of RV, more data need to be collected for Saudi Arabia.
Interventions such as increased sanitation and antimicrobial treatments that have decreased diarrhea associated with bacterial and parasitic agents are less effective against RV, which spreads from person to person and currently has no specific treatment. 2 4, [20] [21] [22] [23] Consequently, in 2009, the WHO recommended the inclusion of RV vaccines into the national immunization programs of all countries. [24] [25] [26] In January 2013, Saudi Arabia introduced RV vaccine into the national immunization program. 6 This hospital-based surveillance study, conducted prior to the introduction of the vaccine, was designed to estimate the proportion of acute GE hospitalizations in Saudi children younger than 5 years of age that could be attributed to RV. The study evaluated age distribution patterns, seasonality of RVGE and acute GE hospitalizations, prevalent RV strains, GE episode severity, and the outcome and treatments associated with RVGE.
Materials and methods study design
This multicenter, hospital-based, observational, crosssectional study was conducted in accordance with the WHO generic protocol for hospital-based surveillance to estimate the burden of RVGE among children, 27 and in accordance with it, this prospective surveillance study was conducted in four pediatric referral hospitals. Each hospital selected for surveillance had the laboratory capacity to perform RV detection using rapid antigen detection methods or a reliable system for transporting specimens to a reference laboratory. This capability included the resources necessary for collecting stools appropriately and in a timely fashion, the storage of specimens in a refrigerator or freezer until testing is performed, personnel trained in testing methods, and adequate record-keeping practices to allow the coordination of laboratory and clinical data. 
Study population and case definition
Children younger than 5 years of age who were hospitalized for acute GE were eligible for enrollment in the study. A case of acute GE was defined according to the following WHO definition: "three or more loose stools and/or two or more vomiting episodes within a 24-hour period, with the onset of symptoms #14 days before admission". 27 Children were excluded if they did not meet the case definition of acute GE, visited the emergency room or the outpatient department for treatment, or developed GE 12 hours after admission to the hospital (possible nosocomial infections). Each hospitalization was considered a new and separate case.
Data collection
Parents/guardians completed a questionnaire to provide information about demographics (age, sex, height, and weight), medical history, GE symptoms, treatment prior to hospitalization, and area of residence. Clinical severity and symptoms were obtained by reviewing the medical records. A 20-point Vesikari scale was used to assess the severity of RVGE (severe RVGE = Vesikari score $11). Notes: n, number of subjects; n, number of subjects in a given category; % = n/number of subjects with available results ×100. seven subjects had an unknown rV status because sample was not collected. Abbreviation: rV, rotavirus.
temperature between 2°C and 8°C for up to 24 hours and later at −20°C. One set of samples was tested at a single laboratory using the IDEIA™ (Dako, Ely, UK) RV test for the detection of RV (Group A) using an enzyme-linked immunosorbent assay. A subset of 122 RV-positive and 14 RV-negative samples were randomly selected and sent to DDL Diagnostic Laboratory, the Netherlands, for further typing to detect G and P types using standardized reverse transcriptase-polymerase chain reaction and hybridization assay. 29 
statistical analyses
The analysis was performed for all subjects who met the eligibility criteria and agreed to participate. Summary statistics for demographic characteristics and percentages for categorical data were computed. The target enrollment was approximately 1,500 children with acute GE, based on the assumption that 20%-40% of these children would be RV positive. 30 The analytical plan was modified to get a clearer picture of the disease burden, with a focus on the proportion of diarrheal hospitalizations attributable to RVGE in children ,5 years of age. Incidence could not be calculated due to the nonavailability of population data. To calculate this proportion, the number of children with RVGE was divided by the number of children with acute GE and the result was multiplied by 100 (to express as percentage).
Chi-square and Fisher's exact tests were performed as post hoc, exploratory analyses to compare symptoms and test the differences in proportions between RV-positive and RV-negative subjects. All statistical analyses were descriptive and performed using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA). The 95% exact confidence intervals were calculated using ProcStatXact.
Ethical considerations
This study was conducted in accordance with Good Clinical Practice guidelines and the Declaration of Helsinki IV (1996) and was approved by the National Ethics Committee at the Ministry of Health. Parents/guardians provided written informed consent before the start of the study.
Results

Baseline characteristics
A total of 1,007 children were finally enrolled, of whom 970 were included in the final analyses. Thirty-seven children were not included due to the following reasons: the date of stool sample collection was outside the interval of .4 days and ,10 days after GE onset (n=20); no information on informed consent (n=8); no information on admission and general symptoms (n=1); not meeting the eligibility criteria (most were children who did not meet the case definition of acute GE; n=8). The baseline characteristics are detailed in Table 1 .
Clinical characteristics
The signs and symptoms demonstrated by children admitted with acute GE are summarized overall and by RV status. Before hospitalization, 88.1% (348/395) RV-positive children and 79.6% (452/568) RV-negative children recorded severe GE, as assessed by the Vesikari scale. Exploratory analysis showed that this association between RV status and GE severity was statistically significant (P=0.0005). During hospitalization, 25.8% (102/395) RV-positive children and 23.4% (133/568) RV-negative children recorded severe GE.
Inpatient treatment consisted primarily of intravenous rehydration, which was administered to 98.0% (387/395) RV-positive children and 97.5% (554/568) RV-negative children ( Table 2 ). The mean duration of hospitalization was 4.0 (±1.8) days for RV-positive children and 4.3 (±2.1) days for RV-negative children. Overall, 94% of children had recovered by the time they were discharged from hospital, but two children (one RV positive and one RV negative) died due to GE complications.
Proportions of acute gE and rVgE hospitalizations
A total of 395 children tested positive for RV, 568 were RV negative, and seven had unknown RV status because their stool samples were not collected. Note: *P=0.0005 (χ 2 test for association between severity and gE status). Abbreviations: gE, gastroenteritis; rV, rotavirus; sD, standard deviation; iV, intravenous; n, number of subjects; n, number of subjects in a given category. The overall proportion of RVGE among all children hospitalized for acute GE and tested for RV was 40.7% (95% confidence interval: 37.6-43.9). The largest numbers of hospitalizations for acute GE (39.2%; 380/970) were recorded at the Maternity and Children's Hospital, Dammam, and the RVGE-attributable fraction was 43.9% (167/380). The RVGEattributable fractions in Makkah, Jizan, and Qassim were 39.7% (64/161), 43.1% (84/195), and 34.2% (80/234), respectively.
In children aged between 0 month and 11 months, 41.6% (217/521) were positive for RVGE; 41.6% (111/242) of children between the ages of 12 months and 23 months were positive for RVGE, and in children older than 24 months, 33.5% (67/200) were RVGE positive (Figure 1) . A statistically significant association (P=0.029) was found between the RV status and the different age groups (0 month−11 months, 12 months−23 months, and $24 months).
seasonal distribution
The highest number of acute GE hospitalizations (127 cases) was reported in 
rV type distribution
A total of 136 stool samples were randomly assessed for G and P types of RV in the DDL laboratory (122 RV positive and 14 RV negative). Moreover, G1 (53.7%; 73/136) and P [8] (75%; 102/136) were the most prevalent types, followed by G1 + G9 (14.7%) and P[4] + P[8] (2.9%) (Figure 3) . G1P [8] (49.3%; 67/136) was the predominant combination type, followed by G1+G9P [8] (13.2%; 18/136) and G9P [8] (9.6%; 13/136) ( Figure 4 ).
Discussion
Our hospital-based surveillance provides data on morbidity and hospitalization due to RVGE in four pediatric referral hospitals across Saudi Arabia. This is the most recent baseline, prevaccination data and the first at the national level for the epidemiology of RV in the Saudi Kingdom. Over 1,000 children hospitalized with acute GE were enrolled and tested for RV from February 2007 through March 2008.
During the 12-month enrollment period for children ,5 years of age, the total birth cohort was evaluated to be 28,381 (10, 
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-N e g a t i v e Q N S -u n t y p e a b l e G -u n t y p e a b l e + G 1 2 admissions of children ,5 years old at these study sites per year was 1,448 (300 in Qassim, 607 in Damman, 350 in Makkah, and 191 in Jizan). On the basis of this evaluation, 141,905 subject-years were to be followed, leading to 1,447 GE admissions.
We found that RV is a major cause of acute GE, accounting for 40.7% of GE-related hospitalizations in children ,5 years of age. These study results are consistent with the 16%-61% RVGE reported from the Eastern Mediterranean region 31 and a median of 36% estimated from global studies. 32 A review of 22 published studies indicates that RVGE prevalence varies across Saudi Arabia: median values range from 16% for Jizan located in the southern region, 23% for Riyadh in the central region, 24.5% for Damman in the eastern region, and 42.4% for Al-taif and Jeddah in the western region. 16 As found in different studies from the Eastern Mediterranean region, RVGE disease burden in our study was highest in children ,2 years of age. 18, 31, 33, 34 Furthermore, GE severity was closely associated with RV infection, as has been previously described. 35 As expected, almost all hospitalized children required intravenous rehydration therapy.
In this study, RV persisted throughout the year with no obvious peaks, which is consistent with earlier reports from Saudi Arabia 36, 37 and other Middle Eastern countries. 33, 38, 39 However, another study conducted in Saudi Arabia between 2004 and 2005 reported a peak during the cooler months of November and December, with lowest infection rates in June, 40 whereas another study conducted in Bahrain between 2006 and 2007 reported RVGE peaks in April; 41 this might indicate differences in circulation from one year to the other.
Strain prevalence data from our study showed that G1P [8] was the most commonly detected RV combination type, accounting for over half of all RV strains, followed by G1 + G9P [8] and G9P [8] . These data are consistent with published results for the region, which show that G1P [8] is also the most commonly detected RV type in Turkey 39 and other Middle Eastern countries. 19 However, in Iran, G4P [8] is the most common RV type 33 and in Oman, a more diverse strain pattern has been noted. 42 This may be attributed to the seasonal variation in circulating strains. Seasonal variation suggests that vaccines that have cross-protection and wide coverage are more effective and also highlights that The results of our study need to be interpreted in the context of some limitations. We initially planned to compute RVGE incidence data in Saudi children, but this could not be calculated due to uncertainty about the exact size of the population in the catchment areas. Our study was also designed to assess only hospitalized cases of acute GE in urban cities; therefore, data from children who were managed at home, in the emergency rooms, or as outpatients were not collected. However, this covered a significant proportion of the national birth cohort. The extents to which the rates of RVGE differ (with respect to incidence in the community and presenting to general practice) have been previously studied in the UK. 43, 44 All of this could lead to underestimation of RVGE occurrence. In this study, we concentrated on hospitalized cases, as they represent more severe cases and directly affect the medical and economic resources of the country.
Additionally, because data were collected for only 1 year, it is difficult to draw conclusions about the seasonality of RVGE, and this indicates the need for continuous monitoring. Another important limitation of the study was that despite using the more sensitive enzyme-linked immunosorbent assay test vs the latex agglutination test, 45 there were some false-negative samples, as confirmed by DDL testing, but there were no false positives noted. Despite these limitations, the main strengths of our study were in undertaking systemic surveillance using WHO indications 27 (comprising well-established case definitions and standard data collection) and in using a validated laboratory for strain identification and RV G and P typing. Our study was conducted in four large pediatric referral hospitals across the country, with no major differences seen between hospitals, suggesting that our findings are likely to be representative of a large portion of the population.
Data from this hospital-based surveillance emphasize that RV is an important cause of acute GE hospitalization in young Saudi children and therefore suggests that preventive steps are necessary. As there is currently no available antiviral therapy, the acute dehydration caused by RVGE is routinely managed by fluid and electrolyte replacement. 45 Vaccination is a recommended and effective public health intervention against RV and there are data from real-world settings demonstrating a substantial public health impact of RV vaccination in reducing disease burden. 23, 46 Countries from around the world 47, 48 and from the Middle Eastern Region 48 The Saudi health care system is relatively advanced under the guidance of the Ministry of Health 50 and in January 2013, Saudi Arabia introduced RV vaccine into the National Immunization Program. 6 Data from the current study provide a useful prevaccination baseline. Future studies/surveillance will now be required to monitor the circulating strains and to record the impact of vaccination. Monitoring will also help to determine the emergence of new genotypes and give further insight into the optimization of strategies for effective RV prevention.
Conclusion
Our national study showed attributable fraction of 40.7% for RVGE among cases of acute GE hospitalizations between 2007 and 2008 in children ,5 years of age in Saudi Arabia. These data support the continual inclusion of RV vaccine into the national immunization schedule to reduce the burden of RVGE in Saudi Arabia.
